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Abstract
Background: There is no histological study evaluating the effects of insulin-containing cream on skin injury. The goal
of this study was to examine the effects of insulin-containing creams on wound healing. Methods: Creams consisting of
nine parts of oil and one part of aqueous phase (9:1) mixed with 1.5 mL human insulin were prepared. Eighteen male
guinea pigs were divided into three groups; the control (9:1 C) group received cream without insulin. The experimental
groups received Humulin N (9:1 N) and Humulin R (9:1 R) respectively. A 1 cm2 wound of 1-2 cm thickness was
created in the skin. Each animal received 0.5 g of the respective creams which was topically applied once a day for 14
days. The progress of wound healing was monitored daily. Skin tissues were excised at the 14th days from the wound
sites and processed for light microscopy. Results: Skin wound treated with the long acting insulin Humulin N had an
accelerated wound healing process with restoration of vascular network, increased collagen deposition and early
complete wound remodeling. Conclusions: Insulin cream with long acting mechanism facilitates in normalizing cell
permeability, promoting vascularization, reducing exudation and stimulate proliferation of cells. These properties render
insulin cream suitable for expediting wound healing.
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Creams are able to interact with both the keratin in the
corneocytes and the surrounding phospholipid bilayers
of the cytoplasmic membrane.4

Introduction
Wound healing is a natural restorative response to tissue
injury. Healing of skin wounds is the interaction of a
complex cascade of cellular events for substituting
damaged and missing cellular structures and tissue layers
that involves; inflammation, formation of granulation
tissue, epithelial cell proliferation and regeneration,
deposition of interstitial matrix, tissue remodeling and
other events carried out by cells such as keratinocytes,
fibroblasts, inflammatory and endothelial cell.1,2
Numerous products with different ingredients are applied
topically for treating wounds or reducing pain; most of
these products are available in two types of preparations
ie ointments or creams. The skin represents the largest
and most easily accessible organ of the body and the use
of topically delivered drugs via the skin provides an
attractive alternative to oral administration.3 Creams are
viscous liquid or semisolid emulsions prepared for skin
application; they have been used for many centuries to
improve wound healing, to treat skin disease, to retard
the skin aging process and preserve its natural beauty.

Insulin is a polypeptide hormone with 51 amino acids
produced by the β cells of the pancreatic islets of
Langerhans. It plays a central role in regulating blood
glucose levels, activating multiple substrates which have
roles in various cellular processes and induce a wide
variety of effects on cells signaling pathways regulating
metabolic and mitogenic functions by binding to receptors
on the cell surface.5 It has been demonstrated that insulin
is also involved in the proliferation and differentiation
of various tissues that are not considered as classical
insulin targets, this led to the possibility of insulin
having effects on wound healing owing to the fact that
insulin growth factor (IGF) is one of the major
regulators of cellular proliferation and differentiation.6
The role of insulin in open wound healing is still very
much debated. The administration of 2.5 mU of insulin
via intravenous infusion showed no improvement in
skin wound healing in rabbits,7 while the application of
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0.03 IU of insulin locally for wound healing in the
C57BL/6J mouse animal model showed healing via
keritonocyte migration and significantly decreased the size
of wounded area by day 3 after injury.8 The application
of eye drops containing insulin-like growth factor (IGF)
in neonatal rats improved the corneal epithelial barrier
function as compared with capsaicin-injected animals.9
The new technological advances in chemical composition
and rheological properties of creams, as well as better
understanding of chemical structure of insulin, promised
the possibility of developing a stable insulin cream that
is able to retain its biological efficacy. A cream emulsion
consisting of nine parts of oil and one part of aqueous
phase (9:1) containing 1.5 mL insulin equivalent to 150
IU was prepared by Mohamed.10 This formulation has
high solid-like property and exhibit low yield stress. Using
enzyme-linked immunosorbent assay (ELISA) technique,
it revealed that insulin cream samples retained persistent
active insulin concentrations for 30 days.10 The role of
insulin in wound healing is not well documented. However, many researches have been done to look at the
potential of insulin as a wound healing agent owing to
the fact that insulin increases vascularization, promotes
collagen synthesis, re-epithelization and fibroblast division.11 To date there is no known published histological
study demonstrating the effects of insulin-containing
cream on skin injury. Therefore, the objective of this
study was to evaluate the progress of histological changes
during the wound healing process after treatment with
insulin-containing cream.

Methods
Chemicals. Sucrose fatty acid esters (SFAEs) were
purchased from DKS Co. Ltd., Japan. Olive oil, methyl
and ethyl paraben, Vaseline, and two types of surfactants
Sorbitan monolaurate (Span®80) were purchased from
Merck, Germany. Semisynthetic human insulin (Humulin
N and Humulin R) of 100 units/mL concentration each
were purchased from Eli Lily Company USA.
Preparation of insulin cream. The ratio of (9:1) of
cream consisting of nine parts of oil and one part of
aqueous phase was chosen. Cream components including
surfactants, preservatives and the addition of 1.5 mL
insulin which is equivalent to 150 IU were prepared as
described by Mohamed.10
Animals and experimental design. Eighteen male guinea
pigs weighing 400-600 g were individually housed in
clean polyethylene cages under standard experimental
conditions of temperature 25 °C, 12 hour light/dark cycle
and fed on normal pellet diet and water ad libitum. The
animals were divided into three groups of according to
the cream preparation applied; (i) control group
received cream without insulin (9:1 C) (n = 6); (ii)
experimental group receiving long-acting insulin,
Humulin N (9:1 N) (n = 6); and (iii) experimental group
Makara J. Health Res.

receiving intermediate-acting insulin, Humulin R (9:1
R) (n = 6). The animals were treated according to the
Standards and Regulations for the Care and Use of
Laboratory Animals of the National Institutes of Health
Malaysia and according to the guidelines of IIUM
animal Ethical Committee (IIUM/519/14/4/IACUC).
Excision wound. All animal groups underwent the
following excision wound. The animals were anesthetized
with a combined mixture of intramuscular xylazine
hydrochloride and ketamine hydrochloride at concentration
of 1 cm x 1 cm. The back of the guinea pigs were
shaved and a square template measuring 1 cm x 1 cm
was placed on the skin. Under sterile conditions, a 1 cm2
full thickness, both epidermis and dermis, patch of skin
was removed creating an open wound. The animals in
the experimental groups received 0.5 g of creams which
was applied daily topically starting from the day of
wound induction until Day 14. The clinical progress of
wound healing was monitored daily.
Wound healing monitoring. Wound area was determined
by calculating the surface area once the wound margin
have been identified. The progressive changes in wound
area were measured by a digital photograph uploaded to
a computer with AxioVision Software, version 4.5 (Carl
Zeiss, Germany). The uploaded digital image was
delineated with the use of the computer mouse. The
wound areas in all animals were recorded daily in cm2.
A graph of [wound area] ½ vs time was plotted to obtain
the rate of wound contraction according to the Snowden
method.12 The reduction in size of the wound area from
its original wound size was thus followed.
Histological preparation. The skin wounds were excised
on Day 14 of treatment. The guinea pigs were sacrificed
and the tissues from the wound site of the individual
animals were removed, fixed in 10% formal saline,
processed for light microscopy and sections of 5 µ
thickness were stained with Haematoxylin and Eosin (H
& E).
Histological grading of the wound healing response.
The dynamics of the inflammatory response including
formation of granulation tissue, infiltration by inflammatory cells, proliferation of fibroblasts and angiogenesis
were recorded and analyzed semiquantitatively using a
4-point scale as follows: 0 - absent, 1 - weak, 2 - moderate
and 3 - intense. The similar 4-point scale was used for
evaluation of inflammatory cell density. The grading
scale of 0 to 3 was based on the number of cells per
field (objective: 20x): a Grade 1 representing 2 to 4
cells, Grade 2 representing 4 to 10 cells, and Grade 3
representing more than 10 cells.13
Statistical analysis. Statistical analysis was performed
using one-way measurement (Analysis of variance/
ANOVA) for wound contraction rate and histological
August 2018 | Vol. 22 | No. 2
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analysis. The post-hoc test with Bonferroni test were
carried out All data in this study are presented as mean ±
SD. Data were analysed by Mann-Whitney U test, the
value of p < 0.05 was considered as statistically
significant.

Results
Areas of wound healing. The calculation of the [average
areas of wound healing in cm2] 1/2 vs time in the control
and insulin cream formulation treated animal groups
illustrates the rate of wound contraction during the
period from day 1 to day 14 (Figure 1). Wound treated
with 9:1 N has healing rate of 0.16114 cm per day
(Table 1), which indicated that the wound treated with
this cream has the highest rate of contraction.
Analysis of wound treated with creams. All induced
wounds started to progressively decrease in size on
different days after induction (Figure 1 and Figures 2 A,
B and C). Induced wounds in group 9:1N began healing
between Days 3-5 with an average healing rate of 0.162
cm2/day as compared to 0.637 ± 0.02 cm2 on Day 8 for
group 9:1 C. On the other hand, groups 9:1 R (Figure 3
A, B, and D) and 9:1 C (Figure 3 D, E, and F) showed
healing rates of 0.12631 cm2/day and 0.11335 cm2/day
respectively (Table 1). Post Hoc analysis revealed that
induced wounds in group 9:1N healed significantly
faster (R = -0.99, p < 0.002) than 9:1R and 9:1C.
Interestingly, there was no significant difference in
wound healing rates between animals treated with 9:1 R
and 9:1 C.

Figure 1. Graph showing rate of healing in wound treated
with different formulations
Table 1. Rate of healing of wound treated cream. Note
that the rate is highest in 9:1 N application

Type of cream

N

9:1 N
9:1 R
9:1 C

6
6
6

Rate of healing
(cm/day)
0.16114
0.12631
0.11335

Histological healing response with time. The correlation
between the rate of healing response and time is
presented in Table 2. Among all cream preparations the
9:1 N had the strongest correlation coefficient with R= 0.99 (p < 0.002).
Histological findings. During the post-surgery period,
the animals remained healthy, without clinical evidence
of infection. Results are analyzed by one-way ANOVA
to compare the mean ± SE for all histological parameters
such as inflammatory cells, fibroblasts, granulation tissues
and angiogenesis. Table 3 demonstrates the analysis of
histological findings showing the neutrophils, lymphocytes and macrophages count were all significantly
decreased in 9:1 N cream group as compared to the
control group.
Robust inflammatory response accompanied the wounded
skin layers, in which first neutrophils and then macrophages and lymphocytes were observed that emigrated
from nearby tissues and from the circulation. The intense
inflammatory reaction in wounds treated with 9:1 N
cream preparation was no longer observed on day 14
when it was replaced by organized tissue with weak
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Figure 2. A, B, C. Morphological Observations of Wound
Treated with Insulin Creams Showing Wounds
Started to Decrease on Different Days. Wound
Area Decreased in 9:1 N Group “A” on Day 5
(0.590 ± 0.21 cm2), in 9:1 R Group “B” on Day 7
(0.838± 0.43 cm2) and in 9:1 C Group “C” on
day 8 (0.637± 0.02 cm2). D, E, F. Wound Treated
with 9:1 N on Day 1, 9 and 14. Note that Wounds
Treated with 9:1 N Showed Almost Complete
Healing Process and had Reached Tissue
Remodelling on Day 14 as Compared to other
Treated Groups.
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cells in wound treated with different creams.
Furthermore, the mean of inflammatory cells are shown
in Figure 5.
Table 3. Semiquantitative Analysis of Inflammatory Cells
in Different Creams Via ANOVA
Inflammatory
Creams
cells
9:1 N
9:1 R
Neutrophils
9:1 C

Mean ± SE

F statistic (df)

p

1.17±0.17
3.17 ± 0.22
2.67± 0.21

26.73 (5, 30)

0.026*

9:1 N
9:1 R
9:1 C

1.67 ± 0.33
3.23 ± 0.17
3.33 ± 0.33

19.76 (5, 30)

0.008*

Lymphocytes

9:1 N
9:1 R
9:1 C

1.50 ± 0.37
3.53 ± 0.12
3.50 ± 0.22

10.68 (5, 30)

0.001*

Macrophages

Note: *Significance differences in all inflammatory cells count
between all creams (p < 0.05).
Not that all neutrophils, lymphocytes and macrophages count were
significantly decrease in 9:1 N cream.

Figure 3. A, B, C. Wound Treated with 9:1 R on Day 1, 9
and 14. Note that the Representative Wound
Still in Inflammatory Phase on Day 14 as
Compared to Wound Treated with 9:1 N. D, E,
F. Wound Treated with 9:1 C on Day 1, 9 and
14. Note that Wound Treated with 9:1 C was in
Inflammatory Phase as Compared to Wound
Treated with 9:1 N
Table 2. The Linear Correlation Coefficient (R) of the 9:1
Cream Indicate How Strong the Relationship
between Wound Area and the Time Observed

Type of
cream
9:1 N

N

R

p

6

-0.99

0.002

9:1 R

6

-0.94

0.025

9:1 C

6

-0.92

0.043

Note: All creams have a significant negative correlation between rate
of healing and time factor. Among all cream prepared, 9:1 N has the
strongest correlation coefficient with R= - 0.99 (p < 0.002).

presence of inflammatory cells (Figure 4 A, B and C).
Although inflammatory cells were found in wounds
treated with 9:1 N cream but not as prominent as in 9:1
R (Figure 4 D, E and G). Inflammatory cells were also
seen in 9:1 C treated wounds (Figure 4 E, F and G),
where neutrophils were dispersed in moderate numbers
in the granulation tissue together with macrophages and
lymphocytes. It is observed that 9:1 R demonstrated the
highest density of inflammatory cells as compared to all
treatment groups. Neutrophils, macrophages and lymphocytes concomitantly invaded the wound area (Figure 4
D, E and G). Table 3 demonstrates the inflammatory
Makara J. Health Res.

Figure 4. Histopathology Study of Wound Treated with
Insulin Containing Cream. A, B, C Treated with
9:1; N; D, E, F Treated with 9:1 R; G, H, I
Treated with 9:1 C. Notice the more Progressive
of Wound Healing in 9:1 N Group than Both 9:1
R and 9:1 C. Hair Follicles (h) were Demonstrated in 9:1 N Group. The Black Arrow
Indicates the Healing Area. The Normal Tissue
is Indicated as (Head Arrow); Collagen (Co) and
Fibroblasts (f) Located Longitudinally to the
Wounds. Note that the Presence of Granulation
Tissues (g) with Less Intense Inflammatory Cells
Namely the Neutrophils (n), Lymphocytes (l) and
Macrophages (m) were Demonstrated Fibroblasts (f) Dispersed in the Wound of 9:1 C is
more Obvious than Wound Treated with 9:1 R
with Considerable Number of New Capillaries
(c)
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Inflammatory cells

Figure 5. Graph on Mean ± SD of different inflammatory
cells. Bars show the means, error bars shows
standard error

Discussion
The healing process of the wounds in the two groups of
insulin cream treated animals and a control group with
experimentally inflicted skin wounds was studied to
observe the variability of the inflammatory and proliferative tissue responses and wound healing. The
histopathology of acute inflammatory phase in guinea
pigs was not described in this study. However, the tissue
proliferation and wound repair in each experimental
group were observed. Wound healing of injured dermis
has been described to run in three basic phases,
inflammation, proliferation and maturation.14 The present
study has demonstrated the healing of full thickness
wounds; the results of wound area measurements in the
current study indicated healing potential with application
of intermediate acting insulin cream. In the early
inflammation phase; it showed that all treated wounds
demonstrated increased of wound area after a few days
of wound induction. This might be due to normal
homeostasis mechanism which is initiated by prostaglandins released from injured tissue and histamine from
the mast cells induce vascular dilatation with increased
capillary permeability.15 Leaking of plasma through the
permeable vessels in the surrounding tissue causes site
of the injury to become swollen; at this point, all
inflammatory cells actively invaded the wound area.16
This study concurred with the increase in wound size
due to inflammation homeostasis which is regulated by
physiology of the tissue as well the healing mechanism
triggered by inflammatory cells such as neutrophils,
lymphocytes and macrophages.
The phase II of wound healing constitutes tissue proliferation and repair mechanisms which leads to covering
the wound surface with new skin. The morphological
findings of the present study demonstrated that wound
treated with 9:1 N has a high rate of wound contraction;
these effects were highlighted by the full thickness
coverage of the wound area with organized epidermis in
the presence of mature scar tissue in the dermis. FurtherMakara J. Health Res.

more 9:1 N cream may have potential in restoring vascular
integrity to the region and repairing the structure integrity
of the tissue defect by filling it with new connective
tissue. Histopathological observations supported the
morphological findings of wound treated with 9:1 N;
some of the tissue sample even reached remodelling
stage on day 14. Granulation tissues gradually ceased
and fibroblasts count was also decreased in 9:1 N.
Fibroblasts significantly decreased in number when
homeostasis signalled the onset of maturation phase.
The process of restoring the vascular network is called
neovascularization or angiogenesis around the wound
surface.17 Angiogenesis was present in all treated groups.
It occurred concurrently with fibroblast proliferation
when endothelial cells migrate to the area of the wound.
However, in wound treated with 9:1 N, mature blood
vessels were observed with some tissue samples showing
complete wound remodelling. Wound contraction is
mediated by specialized fibroblasts “myofibroblasts”
and reorganization of the extracellular matrix which is
found within the granulation tissue, where they carry
out the important process after initial injury of providing
mechanical support and integrity to the tissue.18,19 This
study demonstrated significant increase in fibroblasts and
reformation of collagen fibres at day 14 of treatment with
9:1 N. One of fibroblasts most important function is the
production of collagen, which is newly synthesized in
the site of wound healing and occupies a central role in
wound healing and provides structural framework,
strength and milieu for the generating tissue.19 The
present study found that wounds treated with 9:1 R have
higher rate of contraction and healed faster than wounds
treated with 9:1 C cream. Inflammatory cells infiltrates
were found at significantly higher numbers in wounds
treated with insulin R than in insulin N treated groups.
The major innate immunity cells that reach the site of
injury are neutrophils and macrophages, they play a
critical role in tissue development, homeostasis, and
injury repair.20 Neutrophils initiated wound repair by
activating local fibroblasts and epithelial cells and
removing the invading microbes and cellular debris in
the wound area; neutrophils are usually predominant for
the first few days and then disappear.21 However, it was
found that neutrophils predominated in some of the
wounds in this study especially in the 9:1 R group
whereby the healing process was delayed. This implied
that 9:1 R cream is not effective in promoting wound
healing as compared to 9:1 N. In the absence of
infection, the existing monocytes differentiate into
macrophages and become the major phagocytic cells at
the injury site.20 Macrophage infiltration predominates
for the wound healing process, and allow for harnessing
regenerative functions over inflammatory functions of
myeloid cells.22 In the present investigation, the number
of macrophages significantly increased in wound treated
with 9:1 R and 9:1 C. The macrophage has an essential
role in wound healing, it synthesizes a variety of
August 2018 | Vol. 22 | No. 2
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cytokines including growth factors involved in the
migration, proliferation, and organization of new
connective tissue and vascular beds within the wound.23
Wound contraction, ie the process of wound area
shrinkage, depends on the reparative abilities of the
tissue, type and extent of the damage and general state
of health of the host.24 The results of this study
supported that wound healing and repair were accelerated
by applying 9:1 N. Thus, one might postulate that it
exerted its observed action as a result of the more
persistent presence and binding of the longer acting
insulin N component of 9:1 N to its respective receptors.
The final stage of wound healing is remodeling which
involves a series of events in an attempt to recover the
tensile strength and normal tissue structure through
reorganization, degradation, and re-synthesis of the extracellular matrix forming scar tissue.1 Wound remodeling
may begin at different times and different region.25 In
tissue remodeling stage, extracellular matrix bound
growth factors and metalloproteinases (MMPs) are
activated by macrophage and fibroblasts, resulting in
degradation of the matrix and differentiation of cells.26
In the present study, only wound treated with 9:1 N
showed significant maturation of granulation tissue and
remodeling on Day 14.

3.
4.

5.

6.

7.

8.

9.

10.
11.

Conclusions
In conclusion, the present investigation gives credence
to the hypothesis that insulin cream formula has wound
healing potential and that the Humulin N induces faster
wound healing process than Humulin R in the guinea
pig animal model and thus it may have a promising
prospect in the management of skin wounds after further
clinical testing in the future.
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